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ABSTRACT
Although millions of dollars are spent annually on stream habitat restoration, the
biological responses to these restorations are rarely monitored. I assessed the impact of
habitat enhancement on fish and macroinvertebrate abundance and diversity in a small
Midwestern stream. Fish and macroinvertebrate communities were sampled annually in
two restored and two unrestored sites beginning two years before and continuing four
years after restoration. Habitat heterogeneity increased in the restored sites following the
restoration, but there were no significant changes in most macroinvertebrate and fish
community indices. Macroinvertebrate composition was significantly different between
spring and fall, but in general, assemblages within a year were more similar to each other
compared to other years. These results suggest the effects of habitat enhancement in the
restoration ofmacroinvertebrate community may have been overridden by basin-wide
factors and interannual climatic variability. Fish relative density increased significantly
after restoration in both restored and unrestored reaches, with a larger increase in restored
reaches. However, there was no difference in the density or diversity of fishes between
unrestored sites and restored sites. Fish community composition in the downstream
control site was more similar to the restored sites, suggesting a carryover effect of the
restoration to adjacent downstream area. These findings suggest the restoration had
stream-wide effects on fish communities, with the restored reach directly contributing to
the fish abundance and composition of adjacent unrestored reaches. Instream habitat
restoration seems to affect fish and macroinvertebrate communities differently. Increase
in habitat heterogeneity may support successful restoration of fish communities, but is
largely ineffective in increasing diversity of macroinvertebrates.
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INTRODUCTION
Human activities have caused global changes that have impacted water, energy,
and biogeochemical cycles (NRC 1992, Schimel and Sulzman 1995, NAST 2000, IPCC
2001). Clearing forests, creating urban environments, agriculture, stream modifications,
and other human activities have caused massive degradation of freshwater ecosystems
worldwide (Gore 1985, NRC 1992, Gore and Shields 1995, Ward and Stanford 1995,
Michener and Haeuber 1998). In the United States, it has been estimated that only 2% of
river length remain unimpacted (Benke 1990, Abell et al. 2000, Graf 2001) and most (>
70%) of the riparian forests have been lost (Innis et al. 2000). In the Midwestern United
States, agricultural practices and rapid urban development have impacted as much as
85% of stream ecosystems (Dahl 1990; USDA 1992). These impacts have contributed to
the loss of ecological functioning of streams and rivers, and reduced the diversity of
native aquatic wildlife (Baron et al. 2002, EPA 2000).
In response to these challenges, stream restoration is becoming increasingly
important. Stream restoration seeks to reestablish the structure, function and natural
biodiversity of an area that has been altered from its natural state (Cairns 1988; NRC
1992). Restoration activities generally aim to expand habitat for species diversity (e.g.
fish, aquatic insects, riparian vegetation), reduce stream bank erosion, and improve water
quality (i.e. reduce pollutant levels and increase dissolved oxygen levels). Restoration
attempts have been made in local and regional scales to reverse the effects of stream
degradation. Since 2000, the number of stream restoration and enhancement projects has
increased dramatically (Bernhardt et al. 2005). Most of these projects focus on applying
structural approaches, such as boulder additions, large woody debris additions or channel
1

reconfiguration (Roni et al. 2002), with the underlying assumption that habitat
improvement (i.e. "field of dreams" hypothesis, Palmer et al. 1997) increases species
richness and density (Dean and Connell 1978, Minshall 1984, Palmer et al. 1997,
Taniguchi and Tokeshi 2004). However, few studies have directly tested this hypothesis,
and fewer have empirically supported it (O'Connor 1991, Lepori et al. 2005, Miller et al.
2009, Palmer et al. 2010).
Millions of dollars are spent annually in the Midwest to restore stream ecosystems
back to their natural functioning. Despite the growing number of restoration projects, few
studies have successfully assessed the results of habitat enhancement on aquatic fauna
(Bash and Ryan 2002, Moerke et al. 2004, Bernhardt et al. 2005, Palmer et al. 2005), and
most of them only in a limited scope (Osborne et al. 1993, Selvakumar et al. 2010).
Because of this, the benefits of the substantial expenditure on these projects remain
largely unknown.
Various aquatic taxa, including macroinvertebrates and fishes, have been used as
appropriate endpoints of stream restoration. Benthic macroinvertebrates are recognized as
good indicators of ecosystem health because they are numerous, easy to collect and
identify, relatively sedentary, and have short complex life histories (Barbour et al. 1999,
Merritt et al. 2008). Additionally, they have varied tolerance to different stressors, and
belong to different trophic levels (Merritt et al. 2008). As such, they likely provide
information on the local conditions of a stream and can provide information on
ecosystem stress (Plafkin et al. 1989, Klemm et al. 1990). Furthermore, researchers have
developed several indices using aquatic invertebrates as indicators of stream health, many
of which are used in bioassessment protocols throughout North America (Hilsenhoff
2

1987, Southerland and Stribling 1995, Barbour et al. 1999, Stanfield 2005). Similarly,
fish assemblages can serve as good indicators of ecological condition because fishes are
long-lived, mobile, forage at different trophic levels, reflect the effects oflower trophic
levels, and are reasonably easy to identify in the field (Plafkin et al. 1989; Lazorchak et
al. 2000; Vanni 2010). Additionally, the environmental requirements and community
indices for many stream fishes have been elucidated at both the local and regional scales
(Karr et al. 1986). Thus the structural and functional composition of benthic
macroinvertebrate and fish communities provides a useful measure of system recovery.
This study assessed the impacts of stream habitat restoration on the
macroinvertebrate and ichthyofauna of a small Midwestern stream. The restoration and
short-term impacts of the restoration on the fish communities of the stream are described
in detail by West (2013). The restoration, conducted during summer 2010 included the
addition of two Newbury riffles (Newbury Hydraulics, Okanagan Centre, British
Columbia, Canada) and stream bank stabilization using riprap, to simulate scour pool
hydraulics. This restoration effort ultimately stabilized 500 m of stream bank, reducing
bank erosion and channel deposition, and thus sought to create favorable habitat. Here I
assess the long term responses of fish and macroinvertebrate assemblages to habitat
enhancement. I incorporated both upstream and downstream unrestored reaches
(hereafter, control), allowing the evaluation of both the local impacts ofrestoration and
the downstream benefits resulting from upstream enhancement. I expected the proportion
of pools and riffles would increase, and banks would be stabilized, allowing for gradual
recovery of natural ecosystem function. Such increase in habitat heterogeneity was
expected to induce an increase in species richness and proportion of sensitive taxa. I
3

hypothesized an increase in the fish abundance, biomass and diversity, as well as increase
in proportion of predators and shredders in restored sites compared to control sites.
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METHODS

Study Site
Kickapoo Creek (Latitude 39°27', Longitude 88°13') is an approximately 15 km
long third order Midwestern stream. Its origin is south of Mattoon, Illinois, and drains
into the Embarras River south of Charleston, Illinois. The drainage (area 71. 9 square
kilometers) is mostly agricultural with sparse forest and grassland along the way, and the
substrate is mostly shifting sand and gravel. Before the restoration, all sites in the stream
had similar habitats with shifting sand and gravel substrate and a relatively uniform depth
across the length of the reach (West 2013).
During 2009, a restoration project was implemented in a 500 m unstable reach of
Kickapoo Creek in Coles County, IL. This reach was chosen because it had low
geomorphic stability with high rates of bank erosion; shallow channels; low canopy
cover; high sediment loads from the adjacent agricultural fields and homogenous raceway
habitats with a relatively uniform depth across the length of the reach. Massive bank
erosion and loss of deep pool habitats were primary issues to be addressed in the reach.
Four fixed reaches (2 restored and 2 unrestored) were selected for this study. The
two restoration sites were 254 m (Downstream: Site B) and 192 m (Upstream: Site C),
whereas the control sites were 232 m (Downstream: Site A) andl 83 m (Upstream: Site D)
respectively (Figure 1). Because the downstream control site (Site A) was fairly close to
the restoration reaches, I added another control site (Site M, 214 m) approximately 1 km
downstream in 2012 to monitor the restoration in further detail.
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Habitat Sampling
Habitat surveys were conducted approximately 2 months before the restoration,
then immediately following and 1, 2 and 3 years after restoration in all reaches (West
2013, this study). Surveys were conducted at base flow by a team of 2-3 researchers.
Each reach was divided into 10 equidistant transects and mean width and depth were
measured along each transect. Additionally, between transects I estimated proportion of
run, riffles and pools as well as fine sediments and boulders. I classified fine sediments as
particles smaller than 8 mm and boulders were particles > 256 mm. During each habitat
survey, I also measured dissolved oxygen (DO) using YSI multimeter probe (YSI Inc.,
Yellow Springs, OH).

Macroinvertebrate Sampling
For macroinvertebrate sampling, I only used the restored sites (Band C) and the
upstream control site (D) and downstream control site (M). Based on the habitat
evaluation, I sampled macroinvertebrate assemblages twice annually (spring and fall)
during 2010 through 2013 using IEPA's (2007) multihabitat 20- jab method. Semiquantitative samples were collected using a rectangular dip-net (dimensions 0.5 m X 0.3
m) attached to a long pole, by "jabbing" or "sweeping." I preserved all
macroinvertebrates in 75% ethanol and brought them to the Eastern Illinois University
(EIU) Fisheries Lab for species identification and enumeration. Within one week of
sampling, I exchanged the ethanol in the sample containers to ensure quality fixation. I
calculated community metrics from 300-count random subsamples of each sample to
standardize metrics among reaches and years. Macroinvertebrates were identified to the
lowest taxonomic group possible, enumerated, and reference specimens were fixed and
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catalogued into the EIU invertebrate collection. Loss of some body parts of
macroinvertebrate larvae, primarily due to sampling, prevented the identification of some
individuals to genus level. Further, midges (Diptera: Chironomidae) were only identified
to subfamily as suggested by Barbour et al. (1999). Additionally, I assigned tolerance
values to each individual, and classified them to different functional feeding groups based
on Merritt et al. (2008). I selected twelve commonly used metrics related to composition,
structure, and function to represent the macroinvertebrate assemblage. Based on the
literature, these metrics were chosen a priori as most likely to be affected by the stream
restoration. These indices included various indices of community composition (richness,
% Chironomidae, proportion of the dominant three taxa [Dominant3], Shannon Diversity
[Shannon and Weaver 1949] and Pielou's Evenness [Pielou 1966]), sensitive taxa
(proportion of Ephemeroptera-Plecoptera-Trichoptera [EPT] taxa, Hilsenhoff s
Macoinvertebrate Biotic Index [MBI, Hilsenhoff 1987]) and functional feeding groups
(proportions of filterers, gatherers, predators, scrapers, and shredders).

Fish Sampling
I sampled fishes in all reaches annually during fall 2009 through 2013 using an
AC electrofishing seine following the IDNR-fisheries stream sampling guidelines (IDNR
2001). At each site, I placed block nets (12 m by 1.2 m, 5 mm bar mesh) at the upstream
and downstream transect ends to develop a closed site. For electrofishing, I used an 8 m
electric seine with 12 copper electrodes spaced 0.75 m apart and powered by a 2000 watt
AC generator. A six person crew made a single pass moving upstream through each site
to deplete the reach of all fish. Following the electrofishing sample, downstream block
nets were pulled, and all trapped fish were collected. All fishes in the upstream blocking
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seine were released without enumeration. Fish larger than 102 mm in length were
identified, measured and weighed in the field, and returned back to the water unharmed. I
euthanized all other fishes using a lethal dose ofMS-222, preserved them in 10%
formalin and brought them to Eastern Illinois University's Fisheries Lab for processing.
All euthanized fish were identified to species, measured and weighed. I assigned fishes to
tolerance and feeding guilds to compare tolerance and feeding guild compositions
between restored and unrestored sites over time (Poff and Allan 1995).
Data Analysis
Macro invertebrates

Statistical analyses were performed in R software version 3.0.2 (R Development
Core Team 2013). I used analysis of variance (ANOVA) and non-metric
multidimensional scaling (NMDS, Field et al. 1982) ordinations to evaluate responses of
macroinvertebrates to restoration. All samples collected before the restoration were
considered control, whereas after the restoration samples from sites B and C were
considered restored and samples from reaches D and M were considered control samples.
For each of the twelve macroinvertebrate community metrics, I performed a two-factor
ANOVA with treatment type (control and restored) and season.
Multivariate techniques were used to assess macroinvertebrate community
responses to restoration. I used taxonomic resolution at family level for all multivariate
analyses because some individuals could not be identified below this level. The
frequency matrix was used to compute Bray Curtis dissimilarity (Bray and Curtis 1957)
to measure similarity of sites. I used NMDS ordination to produce two-dimensional
ordination plots displaying spatial and temporal variation in macroinvertebrate
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assemblages. Community metrics significantly correlated to the ordination axes were
superimposed on the plot. On the ordination plot, I also overlaid groupings of
significantly different clusters obtained from similarity profile procedure with average
clustering of the frequency matrix (Clarke et al. 2008). In addition, I tested the hypothesis
of differences in macroinvertebrate assemblages between the restored and control reaches
using permutational multivariate analysis of variance (perMANOVA, Anderson 2001). I
also used Indicator Species Analysis to compute the indicator values of each species
within each group, and to find significant indicator species for each group (IndVal
procedure, Dufrene and Legendre 1997). This approach tries to find species that have
high specificity and high fidelity. I used R packages vegan (version 2.0.9), clustsig
(version 1.1 ), and indicspecies (version 1.6. 7) for multivariate analyses.
Fishes
For each site, I calculated the following metrics: relative density of fish as catch
per unit effort (CPUE), species richness, Shannon Diversity, Pielou's Evenness, fish
Index of Biotic Integrity (IBI, Karr et al. 1986), proportion of Cyprinids, proportion of
intolerant species, and proportion of specialist, benthic invertivore (SBI) species. I used a
before-after control-impact (BACI) ANOVA design to determine ifthe restoration had
caused a significant change in any of the metrics. In BACI designs, a significant time-bytreatment interaction (T*Tr) would mean that the impact (restoration) has caused a
significant change in the metric. Data on some metrics were transformed using log and
arcsine square root transformations to meet the assumptions of ANOVA.
Multivariate techniques were also used to assess fish community responses to
restoration. Before performing the multivariate analyses, the frequency matrix was
9

transformed and standardized to account for the huge variability in the abundance data.
Two-dimensional NMDS ordination plot based on Bray-Curtis Dissimilarity matrix was
created to display the spatial and temporal variation in fish assemblages. In addition, I
tested the hypothesis of differences in fish assemblages between the restored and control
sites using perMANOVA. I also used Indicator Species Analysis to find significant
indicator species for each group (Dufrene and Legendre 1997).
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RESULTS
Habitat changes

Large interannual variability was observed during the 5 years of sampling.
Significant changes occurred in both control and restored sites after the restoration.
Catastrophic floods in the early spring of 2011 changed the control sites dramatically, and
the percentage of fine sediments, and pool and riffle areas decreased dramatically (Table
1). A significant increase in proportion of pools, mean and maximum depths and
proportion of boulders was observed in the restored sites. Interestingly, the proportion of
fine sediments decreased in the downstream restored site (B) after the restoration, but
increased in the upstream restored site (C).Precipitation was historically low in the year
2012, causing a decrease in DO, mean and maximum depths and proportion of pools
(Table 1). Loading of fine sediments, mainly from erosion and agricultural runoff,
continued to increase the proportion of fine sediments in all reaches except the upstream
control reach (D), which due to its location, does not receive much agricultural runoff. I
also observed a continuous decrease in the proportion of pools in the restored sites,
particularly in the downstream restored site (B, Table 1). The proportion of riffle area
varied greatly over the years at all sites (Table 1); however, the Newbury riffles added to
the restored sites were deeper than all other riffles. During summer 2013, a beaver dam
had formed at the downstream end of site C just before the fish sampling, which caused a
dramatic increase in the mean depth and decrease in flow in the site.
Macroinvertebrates response

Macroinvertebrates from 56 families were collected from Kickapoo Creek from
2010 to 2013. It should be noted that% EPT only includes Ephemeroptera and
11

Trichoptera since no Plecoptera were collected from the stream during the four year
period. Results of the ANOVA's indicate instream restoration had little effect on
invertebrate community metrics. Several metrics differed significantly between seasons,
but few metrics changed significantly following the restoration (Table 2, Figure 2).
Shannon diversity,% EPT, % predators and Pielou's evenness were significantly higher
during fall, and% Chironomidae, and MBI were higher during spring (Table 2). On the
contrary, only% filterers and % gatherers varied between treatments. Specifically, in
comparison to the control reaches, restored reach had more gatherers and fewer filterers
(Figure 2). No other metrics were significantly different between the reach types.
Results from the NMDS ordination indicate macroinvertebrate communities in
any reach type were more similar to each other based on season (Figure 3). After the
restoration, the community assemblages in control site D remained similar over the years
while those in the other sites varied over the years (Figure 3). Community composition
was significantly different between seasons (R2 = 0.349, P 1, 24 = 0.0001) as well as
between treatments (R2 = 0.064, P 1, 24 = 0.0494), but the interaction was not significant. I
observed significant correlation between season and the NMDS ordination (R =0.42, P =
0.001). The macroinvertebrate communities could be classified into five significantly
different clusters. One of these clusters consisted of all spring samples and four fall
samples (sites B, C and Din fall 2010 and site C in fall 2013). Thus, spring samples were
statistically indistinguishable from each other (P > 0.05). Spring samples after the
restoration were more similar to each other than those before the restoration (spring 2010,
Figure 3). Fall samples had more variable species compositions compared to spring
samples, and they clustered into five statistically different groups (Figure 3). The
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assemblages during fall 2012 were particularly variable, and clustered into four
statistically different clusters (P < 0.05). I also observed a temporal trend in the overall
species composition of the creek. Assemblages from each year were different from the
previous years, but the assemblages in fall 2013 samples were more similar to the fall
2010 samples (Figure 3).
Shannon diversity, Pielou's evenness, MBI, % EPT, % Chironomidae, % filterers,
% gatherers and proportion of dominant 3 taxa were all significantly correlated to the
NMDS ordination (P < 0.05, Figure 3). Shannon diversity, evenness and% filterers were
higher in control reaches but % gatherers and proportion of dominant taxa were higher in
restored sites (Figure 3). The IndVal procedure yielded a total of 7 taxa as indicator
species (P < 0.05). These include Caenidae for restored fall, Oligochaeta for restored
spring, Calopterygidae, Corbiculidae and Hydropsychidae for control fall, and
Chironomidae and Simulidae for control spring.

Fish response
A total of 78,080 fish from 44 species (9 families) was sampled over five survey
periods. Cyprinidae was the most common family, contributing 88.52% of all fish
collected, followed by Centrarchidae (3.78%), Percidae (2.91 %), Catostomidae (1.90%)
and Ictaluridae (1.45%). The five most common species were all Cyprinids: sand shiner

(Notropis stramineus, 25.68%), spotfin shiner (Cyprinella spiloptera, 18.20%), silverjaw
minnow (Notropis buccatus, 17.63%), bluntnose minnow (Pimephales notatus, 12.90%)
and central stoneroller (Campostoma anomalum, 8.56%). Fishes from three families,
Atherinidae, Poecilidae and Clupeidae, were present in the post-restoration samples, but
not in the pre-restoration samples.
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Fish abundance increased significantly over the years after the restoration (F 1, 21
7.609, P = 0.013, Figure 4). Although the overall CPUE doubled, most of this increase
was due to the overall increase in the abundance of Cyprinids (Figure 4). Differences in
mean fish abundance between restored and control reaches were not significant (F[l, 21 i

=

0.341, P = 0.566, Figure 4), neither was the two-way time-by-treatment interaction (F[!,
21 i

= 0.104, P = 0.751, Figure 4). However, I observed considerable interannual

variability in catch in both control and restored reaches. Mean CPUE for the control and
restored sites, two years after the restoration (2011 ), had increased by - 60% and -180%
respectively (Figure 4). However, CPUE for restored sites decreased after 2011, but
relative density in the control sites kept increasing, albeit at a slower rate (Figure 4).
Although the total fish abundance was similar for the control and restored sites
before the restoration, the restored sites had consistently greater abundance of fish after
restoration. Immediately following the restoration, the abundance of Centrarchidae and
Percidae decreased while that of Cyprinidae and Catostomidae increased. Further, the
increase in the abundance was rapid for Cyprinids, but much more gradual for
Centrarchids and Ictalurids (Figure 4). After 2011, the proportion of Centrarchids and
Ictalurids increased while the relative density of Cyprinids leveled off, causing an
increase in diversity and evenness. Catostomidae showed a highly fluctuating cyclic
pattern of relative abundance.
The CPUE was lowest for the upstream restored site (C) during 2013. This
decrease in overall CPUE was largely due to a decrease in the CPUE of Cyprinids in this
site. I attributed decrease to the formation of the beaver dam at the downstream end of the
site. The beaver dam caused the mean depth of the site to increase, causing slower flow
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of water. The depth of the site was likely too high for efficient sampling of fishes using
electric seine. Nevertheless the exclusion or inclusion of this site in the AN OVA models
did not change the overall results.
The results of the ANOVA show restoration had little effect on fish biomass and
community metrics. Fish biomass, species richness, Shannon diversity, proportion of
Cyprinids, proportion of intolerant species and IBI scores were similar before or after the
restoration (PT> 0.05; Figure 5). Similarly, species richness, Shannon diversity and
evenness were statistically indistinguishable between treatments, so was the time-bytreatment interaction (Figure 5). However, I detected a significant increase in evenness
and a significant decrease in the proportion of SBI species after the restoration (PT< 0.05,
Figure 5).
For any given period, the fish communities in restored reaches (Band C) were
more similar to each other than to the communities in control sites (Figure 6). Also, the
communities in a given year were more similar to each other than to those in other years.
However, this general trend was not observed in the most recent sample; the upstream
restored site (C) was the most separate site in ordination space. I also observed that the
fish assemblage in the downstream control site A, closest to the restored sites, was
consistently more similar to those in the restored sites (Figure 6).
Fish assemblages changed significantly after restoration (Pseudo-F[l , 211

=

8.172,

partial R 2 = 0.286, P = 0.0007). However, differences between the control and restored
sites in fish assemblages were not significant (Pseudo-F[! , 211 = 1.785, partial R 2 = 0.062,
P

=

0.118), neither was the two-way interaction (Pseudo-F[l , 211

=

0.641, partial R 2 =

0.022, P = 0.614). Two species significantly associated to the post-restoration restored
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sites were gizzard shad (Dorosoma cepedianum, P = 0.015) and fantail darter

(Etheostoma flabellare, P = 0.036).
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DISCUSSION
I observed a substantial change in the stream habitat composition following the
restoration. Pools formed below the riffles, banks were stabilized and erosion decreased
in the restored sites (West 2013, this study). A change in stream habitat from uniform
raceway habitat with fine sediment substrate to a more heterogeneous habitat with
increased proportion of pools and riffles usually has significant repercussions on
macroinvertebrate assemblages of the stream. Pools are characterized by low velocity of
water and greater retention of organic matter (Wallace et al. 1995, Lepori et al. 2005).
These conditions generally promote recruitment of shredder, collector-gatherer, and/or
predators (Laasonen et al. 1998). I observed increased gatherers post-restoration, but did
not observe any increase in proportion of shredders or predators. Ernst et al. (2012)
observed similar results in natural-channel-design restorations in temperate, forested
streams of the Catskill Mountain Region, New York. Out of 16 macroinvertebrate
diversity metrics that they evaluated, only percent gatherers had a difference attributable
to restoration (Ernst et al. 2012).
I detected little response of macroinvertebrate communities to instream habitat
restoration in a Midwestern stream. In this survey, restored sites differed from control
sites in only two metrics: increased gatherers and decreased filterers as a direct result of
project implementation. Therefore, I can conclude that while the instream habitat
enhancement increased habitat heterogeneity, it had little impact on benthic
macroinvertebrate biodiversity. This result is not in accord with the general ecological
theory, where successful restoration of physical structure is assumed sufficient for
community restoration (the "field of dreams" hypothesis, Palmer et al. 1997). However,
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evidence to support this assumption is lacking (Moerke et al. 2004; Palmer et al. 2010).
In a comprehensive review of stream restoration studies, Palmer et al. (2010) noted most
restoration studies failed in increasing macroinvertebrate diversity, and concluded the
physical habitat heterogeneity could not be considered as the primary factor controlling
stream macroinvertebrate diversity. I observed that spring samples are very different from
fall samples, and thus, likely should be included in the evaluation of restoration success.
Spring and fall samples were characterized by different indicator species taxa. However,
since invertebrates of multiple feeding modes were present in both treatment types, this
analysis provides no clear ecological interpretations for observations between treatment
types.
For any given season in a given year, I observed strong similarities between
treatment types. This suggests watershed-scale factors were more important to the
succession of macroinvertebrate community within our study period. Basin-wide issues,
such as land use, disturbance regime and availability of food resources, as well as
anthropogenic disturbances may overwhelm the effects of habitat heterogeneity on stream
macroinvertebrates (Palmer et al. 2010). Lepori et al. (2005) also found regional- and
watershed-scale factors were stronger drivers of macroinvertebrate assemblages than
were the local-scale restorations. In a study of boreal streams, Roni et al. (2008)
determined basin-wide disturbances were likely more limiting to macroinvertebrate
communities than lack of instream habitat habitat heterogeneity. Other studies have found
restoration improvements can be short lived because oflandscape-level issues. In a
relevant study in the Midwest, Moerke and Lamberti (2003) found that restoration of a
channelized stream initially improved the habitat quality, but this effect declined three
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years later due to high rates of erosion in the watershed. Similarly, some studies have
reported restorations caused slight increases in some macroinvertebrate diversity metrics,
but in general, were largely ineffective in improving benthic macroinvertebrate
communities of the stream (e.g. Selvakumar et al. 2010, Ernst et al. 2012).
Some other factors may also be responsible for such weak responses of
macroinvertebrates to increased habitat diversity. Many organisms are inherently
dispersal limited (Hanski 2000), and thus, many macroinvertebrate species may take
longer to get established in newly restored sites, even if these sites are suitable for them.
Full recovery of macroinvertebrate communities may not be detected even after several
years (Fuchs and Statzner 1990, Friberg et al. 1998, Palmer et al. 2010, Louhi et al. 2011,
Sudduth et al. 2011). Therefore, it is plausible the time frame of this study (3 years after
restoration) was still too short for the species in the regional pool to have colonized the
restored sites. However, several studies report rapid recovery(< 1 year) of
macroinvertebrates post restoration (Biggs et al. 1998, Brooks et al. 2002, Moerke et al.
2004). As such, time and distance for colonization likely were not limiting in the
recovery and detection of recovery of macroinvertebrates in this study.
Limited dispersal of an important habitat-forming taxa, aquatic bryophytes, may
have influenced the macroinvertebrate recovery. Restorations are known to severely
decrease aquatic bryophyte communities (Muotka and Laasonen 2002), and thus, the
macroinvertebrate assemblages may simply not have optimal biotic habitat for
recolonization. Increase in moss cover has been shown to correlate with increase in
Trichoptera species richness in restored streams (Louhi et al. 2011). In this study, I did
not quantitatively monitor the moss cover in the stream, and thus, cannot rule out the
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possibility reduced moss cover may have slowed down the progress of macroinvertebrate
colonization.
Another possibility is the overwhelming influence of regional climatic factors.
Various researchers have shown that regional variation in climate may nullify patch- or
reach-scale restoration practices (Bradley and Ormerod 2001, Suding et al. 2004). As
extreme hydrological events become more frequent, detection of restoration/disturbance
effects becomes more difficult (Hintzman et al. 2005, Louhi et al. 2011). Variation in
climate was also observed in this study, since central Illinois faced a record high flood in
the year 2011 and a record drought in 2012. Such high fluctuation in hydrology may have
impacted the effects of restoration. For example, the proportion of shredders in the stream
was very low to begin with. While I expected that the formation of pools would help
increase the richness and proportion of shredders, historic drought in 2012 caused a
decrease in water level and dissolved oxygen of the stream. Many shredders are sensitive
species and require high dissolved oxygen concentrations. The recruitment of these
species may have been impaired by the large-scale climatic variation observed during the
study period. Unusual effects of drought in 2012 were likely also responsible for large
dissimilarities observed among the macroinvertebrate community compositions of
different sites during the fall 2012 sample.
Similar to macroinvertebrates, fishes showed little response to habitat restoration
at local scale. While I observed a significant increase in the fish abundance after the
restoration, I found little net change in any of the community metrics. In general, I found
little evidence that the instream habitat restoration affected the fine scale fish

20

communities in Kickapoo Creek. However, I noticed a regional increase in the fish
abundance immediately after the restoration.
I observed an increase in fish abundance after habitat restoration construction. My
fall 2010 sample, collected only 10 days after the restoration, showed a significant
increase in the overall abundance of fishes in the restored sites. Peterson and Bayley
(1993) observed rapid recolonization by fishes in an Illinois stream at abundances similar
to those of the original community. Another study in two small streams in Indiana
reported similar short-term increases in the abundances of fishes after a habitat
restoration project was implemented (Moerke and Lamberti 2003; Moerke et al. 2004).
Most of this immediate increase was driven by the increase in Cyprinid species such as
bluntnose minnow, creek chub, sand shiner, spotfin shiner, steelcolor shiner and silverjaw
minnow. Members of the Cyprinidae family are known to utilize different types of habitat
and make up the majority of fish fauna in many Illinois streams (Smith 1979). However,
the relative density of Centrarchids was lower in the 2010 sample compared to the sample
before restoration. Such relative increase in Cyprinids and decrease in Centrarchids in
restored reaches may be an effect of differential dispersal rates between the groups. Most
Cyprinid species are highly mobile (Smith 1979), have large metapopulations that can
reestablish quickly, and are highly tolerant to disturbance and silt (Trautman 1981). On
the other hand, Centrarchids are often territorial and solitary leading to a slower dispersal
rate (Smith 1979). The decrease in Shannon Index and richness in the first two years
following the restoration is also explained by the disproportionate increase in abundance
of Cyprinids in these years. Pioneer species, mostly of family Cyprinidae, were the first
to colonize the stream; these fishes likely facilitated the colonization by less tolerant
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species (Schlosser 1987) like brindled madtom (Noturus miurus), golden redhorse
(Moxostoma erythrurum) and highfin carpsucker (Carpiodes velifer).

Results ofthis study are in accord with Schlosser's (1987) conceptual framework
for fish communities in small warmwater streams. The framework predicts that reaches
with uniform shallow depths support colonizing fish communities, dominated by cyprinid
species with rapid maturity, prolonged breeding seasons, high reproductive rates and
strong dispersal capability. As pool volume, temporal stability and habitat heterogeneity
increase, population density increases due to addition of older Cyprinids and young
Centrarchids and Catostomids. Further increase in pool depth and volume causes major
shifts in fish community composition and trophic structure, with Cyprinids replaced by
fewer, larger piscivores like large Centrarchids. Other authors have also demonstrated
direct relation between abundance of large fish and proportion of pools in small streams
(e.g. Angermeier and Karr 1984, Gerking et al. 1994). In this study, as the proportion of
pools increased after the restoration, I observed an overall increase in the abundance of
fish, dominated by Cyprinids. Total abundance peaked during 2011 and 2012, with high
density of both Cyprinids and Centrarchids. In 2013, I observed a relatively stable fish
community (sensu Schlosser 1987) with the number and proportion of Cyprinids
decreasing, and the number and proportion of Centrarchids increasing. Deep pools below
the riffles likely provided habitats for Centrarchids, allowing the increase in their
numbers and size (Angermeier and Karr 1984, Aadland 1993, Schloesser 1987). As the
proportion of pools increased, increased predation and competition for refugia likely led
to increase in proportion and size oflarge fish and decline of invertivores and omnivores
like logperch (Percina caprodes) and golden redhorse. Riprap along the banks likely
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provided additional suitable habitats and foraging grounds for the Centrarchids and
Ictalurids, leading to the increase in the abundance of these two taxa in the restored sites.
Additionally, in the post-restoration sample, I found two species that are not often
associated with small streams, but are common in the mainstream Embarras River. Brook
silverside and gizzard shad were both found in the newly formed deep pools in the
restored reaches. These species most likely migrated upstream into the creek from the
Embarras River during spring for spawning (Miller 1960), and remained there since the
newly formed pool habitats provided the deeper habitats that these fishes prefer
(Schloesser 1987). Both indicator species, gizzard shad and fantail darter, were most
abundant in the restored reaches, likely because of the suitable habitat provided to these
species by the addition of riffles and formation of pools in the restored reaches. Both of
these species have intermediate tolerance to silt, and thus, provide little information
regarding the success of the stream restoration at reducing siltation.
After the restoration, the relative density of fishes in Kickapoo Creek
continuously increased in both control and restored sites. The overall abundance of fishes
however started leveling off two years after the restoration, likely due to a combination of
factors including continuous loading of fine sediments into the stream from erosion and
agricultural runoff, and environmental conditions. Moerke and Lamberti (2003) and
Moerke et al. (2004) also observed a similar increase in productivity in the first few years
after the restoration, but a subsequent decrease afterwards, attributed to sedimentation
and loss of pool habitats. Similarly, Shields et al. (2003) observed progressive failures
and renewed erosion of banks 16 months after habitat restoration. The time-by-treatment
interactions were non-significant for all community metrics in this study, suggesting
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restoration caused little differential change in the fish density, diversity and biomass
between the two reaches. Together, these data argue against local enhancement of the fish
abundance, biomass and diversity.
I observed spillover effects of the habitat restoration as suggested by the increase
in densities of fish in both control and restored reaches after restoration. Such regional
effects arise primarily through enhanced larval production from increased adult stocks or
density-dependent movements of older life stages (Russ and Alcala 2003; Russ et al.
2004). Recovery from a highly degraded and homogenous state with highly uneven fish
communities takes time. This is especially true for longer-living taxa like Ictalurids and
Centrarchids. In my study, the CPUE of these taxa ipcreased at a slower rate after the
restoration because it takes longer for these taxa to accumulate mature reproductive
individuals. As the stocks of these taxa increased in the restored reaches, the adjacent
unrestored reaches increased through density-dependent spillover of juveniles and adults.
This likely explains the slower increase in CPUE of these taxa in the control sites
compared to the restored sites. Roberts et al. (2001) also observed an increase in biomass
of fish both in protected and nearby control areas following establishment of a marine
protected area (MPA). They concluded that this was likely due to regional effects of the
establishment of the MPA. Additionally, the composition of fishes in the downstream
control site was more similar to that of the restored sites compared to the upstream
control site. This site more often clustered with the restored sites than with the upstream
control site supporting the theory that effects of restoration spilled over to the
downstream areas, directly affecting the composition of the downstream reaches. Similar
results were reported by Shields et al. (2003), who observed relatively large increases in
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abundance, biomass and species richness in a downstream control reach. They attribute
that to the possible export ofbenthic drift and organic matter from the restored reach
(Shields et al. 2003).
An alternative explanation to the stream-wide increase in fish abundance is that it

was caused by some other environmental factor. However, I dismiss this explanation in
light of the fact that hydrologic activity was highly variable in the post-restoration years.
For example, year 2011 was a record high flood year while 2012 faced a record drought.
Despite these conditions, fish abundance was consistently higher in these years compared
to the pre-restoration samples.
Evaluations of responses of fish communities to instream habitat restoration need
to consider various factors pertaining to fish community ecology and the scope of study.
As such, my study suffered from a few limitations. First, the downstream control site A
was immediately downstream of the restored reach, and thus, did not provide a very good
control site. A good control site, which would vary over time in a way comparable to the
restored reach in the absence of restoration, would allow better assessment of local
effects ofrestoration (Magnuson et al. 1990; Osenberg et al. 1994). Assessment of the
spatial scale of any regional impact of the restoration would also be possible with an
addition of such control site further downstream or upstream of restored reach. Hence, I
added another control site further downstream (Site M) in year 2012 to better represent
the control reaches. Also, depths of some sections of the restored reaches increased
significantly after the restoration. The increased depth may have impacted sampling
efficiency in those sections. Finally, it is possible that the rapid increase in fish density in
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the restored reaches after the restoration may have been slightly exaggerated by the
migration of fishes, mainly Cyprinids, into the restored sites.
Results of this study show the restoration caused a significant system-wide
increase in recruitment and abundance of fishes, but failed to bring such benefits in
macroinvertebrate assemblages. On the whole, basin-wide factors, source populations and
regional climatic variability appear to be more important drivers of community
recolonization and diversity than habitat heterogeneity of the stream. As such, future
restoration projects should consider a broader perspective with process-based approaches
at watershed-level (Rabeni and Sowa 1996, Norris and Thoms 1999, Roni et al. 2002,
Roni et al. 2008). I believe a watershed-level approach to restoration with subsequent
reinforcements in the years after restoration would have been more effective at restoring
the ecological community and functioning of the system. Since I observed that habitats
and fish and macroinvertebrate communities are subject to natural fluctuations and may
take several sample periods before any noticeable effects (Kondolf 1995), I attest that
monitoring restorations for a long period of time is important (Hunt 1976, Kondolf 1995).
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Table 1: General habitat characteristics of Kickapoo Creek near Charleston, IL 2 months before and 1, 2 and 3 years after the
restoration. Major restoration actions included addition of two artificial riffles and bank stabilization. NA= Data not available
After 3 y (2013)
After 1 y (2011)
After 2 y (2012)
Before (2010)
Habitat changes
Control Restored
Control Restored
Control Restored
Control Restored
Mean water width
A: 33.3 B: 29.4
A: 27.4 B: 32.3
A: 30.2 B: 36
A: 23
B: 28.6
(ft)
D: 25.5 C: 33.9
D: 27.3 C: 34.2*
D: 24.9
C: 35.6
D: 18.1
C: 27.2
M: 35.6
M:22.8
Maximum depth
A: 3.1
B: 2
B: 3.5
A: 3.1
B: 3.2
A: 2.4
B: 3.8
A: 3.4
(ft)
D: 2.3
C: 2.6
D: 2.8
D: 3.5
C: 5.5 *
C: 5
D: 3.1
C: 3.8
M: 1.3
M:2
Mean depth (ft)
A: 0.94 B: 0.7
A: 0.87
B: 0.91
A: 0.75
B: 0.88
A: 0.93 B: 1.15
D: 0.64 C: 0.8
C: 1.03
D: 0.73 C: 1.47*
D: 0.71
C: 1.4
D: 0.55
M: 0.52
M:0.94
Fine sediments(%)
A: 77
B: 71.1
B: 57.1
A: 42.9
B: 33.6
A: 56.1 B: 47.9
A: 64
D: 58.9 C: 61.4
D: 46.1
C: 78.1
D: 48.8
C: 70.6
D: 29.8 C: 75.1
M:40.8
M:55
Pool Area (%)
A: 16.9 B: 9.5
A: 11.3 B: 26.3
A: 1.3
B: 16.6
A: 10.5 B: 8.7
D: 27.5 C: 25.2
D: 10.5 C: 29.5
D: 4.4
C: 14.3
D: 11.2 C: 20.8*
M:O
M:2.8
Riffle Area(%)
A: 1.1
B: 14.2
B:
6.1
B:
6.7
A:3
B: 13.6
A: 0.4
A:O
D: 11.2 C: 16.7
D: 2.4
C: 3.5
D: 2.1
C: 2.1
D: 5
C: 2.2
M:O
M: 6.4
Boulder(%)
A: 0.4
B: 0.8
A: 0.2
B: 7.7
A: 0.1
B: 9.2
A: 0.03 B: 10.2
D: 0.1
C: 0.8
D: 0.2
C: 14.3
C: 9.1
D: 0.3
D: 0.4
C: 10.2
M:0.6
M: 1
Dissolved Oxygen
A: 9.16 B:NA
A: 7.76
B: 7.56
A: 3.9
B: 3.85
A: 7.58 B: 7.73
(mg/L)
D:NA
D: 10.02 C:NA
C: 9.02
D: 3.99
C: 3.7
D: 6.95 C: 7.6
M: 4.28
M: 8.03
* A beaver dam formed in site C after this habitat survey. So, the mean and maximum depths and proportion of pools were
higher during the fish sampling.
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Table 2: Summary of results of two-factor analysis of variance for macroinvertebrate
samples collected from Kickapoo Creek between 2010 and 2013. Differences in
community metrics were analyzed with season (fall and spring) and treatment (restored
and control) as two factors. Significantly different P values (<0.05) are given in bold.
Community Metric
% Chironomidae
% Dominant 3 Taxa
%EPT
% Filterers
% Gatherers
% Predators
% Scrapers
% Shredders
Evenness
Hilsenhoff Biotic Index
Richness
Shannon Diversity

Significant Differences (P Value)
Season
Treatment Interaction
0.359
0.758
< 0.001
0.092
0.193
0.393
< 0.001
0.841
0.917
0.632
0.019
0.393
0.440
0.016
0.071
0.978
0.364
0.008
0.344
0.081
0.478
0.118
0.822
0.314
0.151
0.008
0.193
< 0.001
0.614
0.303
0.053
0.282
0.359
0.001
0.088
0.178
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Figure 1: Locations of unrestored and restored sites in Kickapoo Creek southwest of Charleston, Illinois. Macroinvertebrate
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Figure 3: Non-metric Multidimensional Scaling (NMDS) plot of macroinvertebrate
communities sampled from five reaches of Kickapoo Creek during 2010 through 2013 .
The ordination is based on Bray-Curtis dissimilarity matrix of standardized frequency
data. The arrows represent the strength and direction of statistically significant
community metrics superimposed onto the ordination axes. Open shapes correspond to
restored reaches, and closed shapes correspond to control reaches. Squares represent fall
samples and circles represent spring samples; grey polygons bound the different seasons
and dashed closed lines enclose statistically different clusters. Labels for each sample are
given by sampling year and reach code. Sites D and M are control sites while sites B and
C are restored sites; spring 2010 samples are the only pre-restoration samples. Panel on
the left shows the inset of spring samples for clarity.
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